Exposure to elevated tropospheric ozone concentration ([O 3 ]) accelerates leaf senescence in 25 many C 3 crops. However, the effects of elevated [O 3 ] on C 4 crops including maize (Zea mays L.) 26 are poorly understood in terms of physiological mechanism and genetic variation in sensitivity. 27
INTRODUCTION 43
Tropospheric ozone (O 3 ) is an airborne pollutant that enters leaves through their stomata 44 and generates reactive oxygen species (ROS) upon contact with intercellular leaf surfaces (Heath 45 1988) . Subsequently, these ROS can cause oxidative damage to membranes and other cellular 46 components. At very high concentrations, O 3 can elicit a hypersensitive response, but even at 47 lower concentrations O 3 can impair cellular function (Krupa & Manning 1988 ). When exposed to 48 In addition to being the most widely produced food crop, maize is a model C 4 species 84 with considerable resources for analysis of genotype to phenotype associations. This includes the 85 maize nested association mapping (NAM) population, which was developed to encompass much 86 of the existing diversity in a relatively small number of inbred lines (Yu et al. 2008 is located on a 32 ha farm. Maize is grown on half of the land each year, and rotated annually 106 with soybean. Each year, the portion of the field growing maize was fertilized with N (180 lbs 107 per acre) and treated with pre-emergent and post-emergent herbicides at the recommended rates. 108
Additional weeding was done inside the FACE rings as needed. Maize inbred and hybrid lines 109 were planted with a precision planter in rows spaced 0.76 m apart and 3.35 m in length, at a 110 7 In 2013 and 2014, the diurnal time course of leaf photosynthetic gas exchange was 134 assessed with measurements taken across all replicate plots every few hours throughout the day 135 at three or four development stages over the growing season of the B73 inbred genotype. In 136 2015, in situ gas exchange measurements on 10 inbred and 8 hybrid lines were collected at 137 midday approximately every 7 d starting when the plants reached anthesis and ending when the 138 ear leaf of >50% plants in an individual row had fully senesced. After senescence of a genotype 139 in a given treatment, we recorded zero for A and g s for all subsequent weekly measurements until 140 both ambient and elevated plots were fully senesced. In all years, two or three plants were The response of A to c i was measured on the leaf subtending the ear in 2013 and 2014 to 155 examine the effects of elevated [O 3 ] on the maximum apparent rate of phosphoenolpyruvate 156 8 carboxylase activity (V pmax ) and on CO 2 -saturated photosynthetic rate (V max ). Two to three leaves 157 per ring were measured. Leaves were excised pre-dawn, immediately re-cut under water, and 158 measured in a field laboratory. This approach minimized short-term decreases in water potential, 159 chloroplast inorganic phosphate concentration, and maximum PSII efficiency that can occur in 160 the field, and also enabled more leaves to be measured on multiple portable photosynthesis 161 systems over a short period of time (Leakey et al. 2006 ). Measurements were initiated at ambient 162 c i , then the reference [CO 2 ] in the leaf cuvette was stepped down to 25µmol mol -1 , before it was 163 increased stepwise to 1200 µmol mol -1 while keeping PPFD constant at 2,000 µmol m -2 s -1 . The 164 initial slope of the A/c i curve (c i < 60 µmol mol -1 ) was used to calculate V pmax according to von 165 Caemmerer (2000) . A four parameter nonrectangular hyperbolic function was used to estimate 166 V max as the horizontal asymptote of the A/c i curve. Stomatal limitation to A (l) was estimated 167 from A/ci curves using the approach described by Farquhar and Sharkey (1982), and modified by 168 Declines in in situ A over the leaf aging process were associated with decreased 214 photosynthetic capacity, measured as V pmax (Fig. 3a, b ; Table 2 ) and V max ( Fig. 3c, d ; Table 2 ). were plotted for the leaf subtending the ear shortly after anthesis, and then ~3-4 weeks later ( Fig.  227 4). Shortly after anthesis, l was minimal in both ambient and elevated [O 3 ] in 2013 (2-3%), and 228 mean c i was well above the inflection point of the A/c i curve (Fig. 4a ). In 2014, there was a wider 229 range of observed c i shortly after anthesis, but mean l was still low (5-6%) in both ambient and 230 elevated [O 3 ], and the mean c i was above the inflection point ( Fig 4b) . As leaves aged, l 231 increased in both ambient and elevated [O 3 ] to 20-30% ( Fig. 4c, d (Table 3) . 240
Similarly, initial measurements of g s varied among inbred lines, but not between ambient and 241 elevated [O 3 ] (Table 3) (Table 3) . This reflected variation in the estimates of A at anthesis (y o ), the time to the start 248 of a decline in A () and the rate of decline in A (). The significant effect of [O 3 ] on y o is not 249 consistent with the lack of an effect on initial rates of A, but some of the data were best fit by 250 convex functions and some by concave functions which affected accurate prediction of y o in the 251 inbred lines (Fig. 5 Table  255 1). 256 Fig. 2) . 265
All 8 of the hybrid lines showed acceleration in the decline of A in the leaf subtending the 266 ear over the grain filling period (Fig. 7) . Unlike the inbreds, the hybrids had similar initial values 267 of A and g s shortly after anthesis (Table 3) . These measurements were taken at a lower light level 268 than the inbred measurements, which was representative of the light measured in the canopy at 269 the leaf subtending the ear in hybrids vs. inbreds, but may explain why there was less variation 270 13 among hybrid lines. There was a significant effect of [O 3 ] and a significant [O 3 ] x hybrid line 271 interaction on the parameters describing the decline in A over time (Table 3; Supplemental Table  272 1 Table 1 ). Only 3 of the 8 hybrid lines showed significant 276 changes in g s at elevated [O 3 ] over the grain filling period (Fig. 8) , and consistent with the inbred 277 lines, the apparent differences in the response of A and g s to elevated [O 3 ] over time did not 278 impact iWUE (Supplemental Fig. 3) . Notably, the hybrids of MS71 and C123 crossed with B73 279 were among this sensitive group, matching the greater than average sensitivity of these 280 genotypes as inbreds. hybrid and inbred lines of maize. On average, the sum of midday CO 2 assimilation by the leaf 304 subtending the ear over the period from anthesis to complete leaf senescence was reduced by 305 22% in inbred lines and 33% in hybrid lines (Table 4 ). However, sensitivity to elevated [O 3 ] in 306 inbred lines ranged from no loss in photosynthetic CO 2 assimilation (CML333, M37W) to 59% 307 lower CO 2 assimilation (C123; Fig. 5 , Table 4 ). Likewise, sensitivity to elevated [O 3 ] in hybrids 308 ranged from 13% lower photosynthetic CO 2 assimilation (B73 x M37W) to 44% lower CO 2 309 assimilation (B73 x MS71; Fig. 7 , Table 4 ). All ozone sensitive lines showed the same 310 developmentally dependent pattern of response as B73, with similar A in young leaves at 311 ambient and elevated [O 3 ], but more rapid decline in A over time (Fig. 5, 7) . Thus, acceleration 312 of senescence rather than decreased initial investment in photosynthetic capacity is a key 313 response of maize to elevated [O 3 ] at the leaf level. But, there is genetic variation in response 314 that might be exploited to breed maize with improved tolerance to ozone pollution, and possibly 315 even broader spectrum oxidative stress tolerance. In addition to testing for cultivar variation in response to elevated [O 3 ], we were also able to 360 identify significant variation in A and g s in recently mature flag leaves of inbred maize lines 361 (Table 3) . The hybrid lines, which all contained B73 as the female parent, did not show variation 362 in A and g s (Table 3) . Previous studies have also reported that inbred lines show greater variation 363 in photosynthetic traits compared to hybrid lines (Albergoni et al. 1983; Ahmadzadeh et al. 364 2004) , but that hybrid lines maintain higher rates of A over a leaf lifespan compared to inbred 365 lines (Ahmadzadeh et al. 2004) . We found similar results in our studies of diverse maize lines, 366 however, it should be duly noted that due to the recurrence of B73 as the female parent, there 367 was more limited genetic diversity in the hybrids used in this study. Additionally, the light 368 environment at the ear leaf at anthesis was different in inbred and hybrid canopies. A and g s were 369 monitored at higher PPFD in the inbred lines (1,800 µmol m -2 s -1 ) compared to the hybrid lines 370 (450 µmol m -2 s -1 ), which may have also contributed to the greater variation observed amongst 371 inbred lines. 372
Our study showed that accelerated loss of photosynthetic capacity was the basis for 
